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(54) THERMAL TYPE AIR FLOW SENSOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To improve air temperature 
dependency and mechanical strength by constituting 
electrical heating and temperature-sensing resistors 
with a dope-treated polycrystalline silicon 
semiconductor thin film and setting the impurity 
concentration of the electrical heating resistor at 
least at a specific value and increasing it as compared 
with that of the temperature-sensing resistor. 

SOLUTION: Electrical heating resistors 4a and 4b have 
larger impurity concentration, at least 3x1 o 1 9 cm' 3 , for 
temperature-sensing resistors 5 and 6. The voltage of 
terminals F and G of a bridge circuit including the 
temperature-sensing resistors 5 and 6 and resistors 25b 
and 25c is inputted to a control circuit 26, and a 
temperature Th of the temperature- sensing resistor 5 
heated by the electrical heating resistors 4a and 4b is 
controlled to be higher than a temperature Ta of an air 
temperature-sensing resistor 6 by a constant value by 
the control circuit 26. When the temperature of the 
temperature-sensing resistor 5 is lower than a set 
value, a transistor 24 is turned on and a heating 
current flows to the electrical heating resistors 4a and 
4b. When the temperature becomes high, the transistor 
24 is turned off. The heating current value of the 
electrical heating resistors 4a and 4b is an air flow 
rate. On the other hand, the direction of an air flow 
can be detected by comparing the temperatures of the 



electrical heating resistors 4a and 4b, thus achieving 
an accurate flow detection for detecting the direction 
of the air flow without being affected even if an air 
temperature changes. 
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(57) m 1 

Tfmm.mn*-* v—^nxtstnt^mA^m (s i) 

0" (cm") «J:tfJ^W»^#©*iH*aMEJ:!);fc 



b c d e f g 




(2) 

1 

[#fFiit#tf>$Sffl] 

WHISttttfcK-:/^**^***^* (Si) * 
iNE*iflJI^#©*tt»»flE J: 9 *# < bfcr. £ fr«HR 

in** 2 ] tt&g 1 tee*©»iMsatf*© K-^«ya 
znit&&8ktr>rm (si) ¥^WR<D7iN«baiiie^ 10 
3x10" (cm s ) sLt-^jb&^t^mkt-r&m^is 

[ff*S4] |»jfcS3fc:*5VvC, imKR«©3d«|JB:, 20 

[0 0 0 1] 
[0 0 0 2] 

[^*©&flf] ft* J: 9 ggb&fc^DrtMHIHott^ftl 30 

#*¥3-502966 -§-^#*5<tTJ'#5S¥8 - 54269^ 
*UcJB*S;fc-CV*<& D ±|5#PB¥8-54269^*^|Ett 

©s«-c«\ jg*M&0i:# t LtiitttJ <t xr*m =* * f 40 

A*fcrajH«**>ofc. #^¥3-502966 
[0 0 0 3] 50 



^BB^F-l 1 -8 3 5 80 

2 

*HW#*>a. -hfE#PB¥8-54269-§-<^*^*5V^-CI* > 

[00 04] U=7t, ^®^f*:^^$^fcm*tite^ 

©*M6*SrH 9 B.0 

*5*n Sir* J.o¥*#2&K-hfc*J«S 

So 

[0005] — ««sP3-502966 -945tf»RlC«fc©fe 

3-502966 ^§-<k$ft<E>Fig. 2 tc|B«t©^8ftS-fe V^©K£ 
ffSSr*i- 0 01 2«©2*s^g}«:S4K» 3t4^?H8©ja 

SLT^JSKUfcK— ^« (y^) -C, 15, 12a, 1 
2 b frWmj&Wk. 4 £^B*M&&i:fc 5c, 5 d , 6 
a , 6 b a*iH?&J&*M*:-Cfc 6. 

[0006] ^©WfcttlriESjifcfle*©^*!**^ 

^$H&*«r 6a, 6 b <»mW!&W&\z.Z. 9 §H8S U 
«■« S *Ufc&ft»J6 i 9 4 *5 <fc tHBWMS&fl: 

<DtaSSrH-fflai-5ii!im4g&i#:5 d#— JfetMMK *5 J: 

c M\ gftSJE * S SU®Stt#: 6ai X 9 - 

fBLBt&ti&B-f* i 5 t-IBS^^So «S«SC»SI 1 2 © 1 

[0 0 0 7] L*»U S^4, 5c, 5d^^^tt 
fcmUMMS 12a, 12bB, 2 1 0|^*fe 

A) (iJ;9ia*^T{*V^^, Sf8±©ia»til 

2a, 12b t±^< «58;$n.fc**-efe 9 , &fm$ifc 



(3) 

3 

[0 0 0 91 

ftHas^fc***^* (s i) ¥£#»wrc*j*u 10 

«nE5MMS8M*©*M*W** 3 x 10" (cm" 3 ) 
TBfcSafflJPlfcWU MB^±©«*U6*Bt*fliriB 

[0 0 10] 

mm<r>mM<omm] ear. ^mwcomnm^o^x, 20 

[001 1 1 iiii, &&W<o&— <o2mm<z>1&£&&i 
f 1©A-A' »fBH-Cfc^„ 

[0012] ig i , n 2 icjsv^-c, if*, v- y => v 
m<D¥m#&&L2, n$xtmmi2 (12a, 12b) 

3 , K-/i3iP ft •? 8 _k©S£C*& 

a, 3 b, ttSUHMBl 2 a _tfc»J*S*tfc-h8MWMfc 30 
«tn:#4 a &T%ttftftM&tt#4 b. *HKt&£t#©&& 

Srt&fcrr S H><DMm.Wn» 5 , 2 ©3fciSSS3 {cj&fc 

s*tfcag*aflE *A©Sfti;««Wia»tt# 6 , 

(10a, 10b, 10c, lOd, lOe, lOf, 
lOg) , Ofc«*f5fc»0>B 
$Hg^gR 9 (9a, 9b, 9c, 9d, 9e, 9£, 9 
g) , #^#ft*M-*-*«:»©*«l6WBIl 2bi») 
- -t?, #ffl7C#4 a, 4 b, 5, 6W>F#fi4&K 
-r«ffllS*bfc#JlSlft^>f* (S i) NH»#»JKJ:«J«: 40 
9 , ftmWififc 4 a , 4 b l*aUS«fei#: 5 , 6fc#Lt 

'Pi©*****:* < , ^tmrnet.» 3x10 

19 (cm 5 ) {JLt£&5<fc 5»£7£fi££*VCV>5 0 
[0 0 13] ^M^^j-efcs^^SftS-fc^^ 
tt, £lT©*fc»f£*:*T5. 

[0014] — *f(7)±T«Effl!l5l?»»^i:fr 4 a , 4b(i> 

teiEiHg^SB 9 f J: 9 ffis^y-tt® l 0 f fc:8$££*vO'> 
•5„ ^ffi 8 J; •? llM^$^*«SilftlilR 12a ±ICJ» 
l&£ixtcMm-tt<D?£mi&in.ft4 a, 4bCtt, 50 
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4 

*a#4 a , 4 b 0®a^tfcffl-r5$ijmffitn:tt:5 ©1S^ 
3g$*«E 1 1 ©lMESr*-*-ffl«HMEWift«tfl:* 6 ©1IJ; 

D-jai«i«<ftsj:5i!i, Mm (mm) mmmzti 

[0 0 15] SE««E1 l©*ftttU miB&tttt5£#L 
T**»K»fifc*^fc3M»ffin:*4 a*5<fct*4 b©iBS 

*B*M&ft# 4a, 4btt, 2$a«a**© h # ttSUtaffifei 

— iai©^i!fti i©#ft (mm) -cttfefctc-hiiE 

«ClBfi£;ftfc38ft&S*i:#4 a ©^TSfEffiUciBitS^ 

fc«*MBJMM b J: 9 nti 

V^fc, 3S§?&ein;#:4 a, 4btt£yOSN*'T?*>») 

Kimnm&mtix^z r t a»e>»*!i*H:«ff— jet? 

fcSrt^^ ±mffl<0&mB£i# 4 a ©It^lfSffi 

Hl<o*(Rj£M>tf GKIIK) ©ttlcWu 4^teT«M8!l© 
b ©^©##Ji^©3WIM^{M a © 
jfi«<fc!?ffi<ft5„ i©<fc5i^ J&JKti&ftfM a, 4b 
©fiS & ittgrT 5 ^ £ <fc 0 1 1 ©# 

[0 0 16] — ffl«8K*©fHHtt:, Wffl«tt:#5© 

fc, «^4a, 4b(c«ft-f-*Pl^ (»«0 BiMtJ: 
5 WW***. £©*&:, ^*W-Cttffl«B«©*|tai:«E 

a©«im^'Brii£ftorvNS 0 si©5H^isr 

*SUfc«!.^^^^©**«t*t1WBSBlT?*> 

m^nmA^^<r>mmm^-rm^mxh^o 

fflftWarfeV-f-ttx 0©J:5{-x JlTf 1 fc33W*l 9fc 
^MBEI»2 0i:«r**«l^<!?*tS. *bT®«^iiiSl 
7©rt^lC$>.5giJiiBSl 8{C5H^l*SiEe§*V5o 
m& 2 0 ti^«f#: 1 9 LT^f 1 ©SSB^ffi 1 0 (C 

1 ix-m£fottfaKmtix&*), fc5rtj^M©*# 

[0017] 04 t*, EI3 ©*T- ltS£Xfi3£&fc 1 9 © 
St^H-CfcSo H4(C^,^J;5(-, *^-ltt, £«Hfcl 
9±^@^J5tt. T^5^*©««aft»a«J:fc 

sg^-sfii 2 i *j <t x^m-^-mmmmm^. $ iifc^ffl ®» 

2 0*, ii:<S^19±ti£^ti5o r©Hl^l 
£^0^2 01*. MIT-Sflil 0*3J:t^2 lR|fr4Ml2 
2^-ey^-lr^>7 f >f>^{c < t») t-»^ S titz. 

MrR©^Hl2 2, WiS^lO, 2 1-^«iaj»2 
Ofc««i-SfcfcfcJ;ffla»fc3d9#:i 9 (H**i") 

[0 0 18] H5fr#ASU *^K©HJS^!l©[H] 

*4a, 4 b, 5, 6 £'ft-§-®a©fc«)©^-gPlHli^2 0 
^bfct.©t?fcS<, E't'x 2 31ili, 24tt5lf^ffi 



(4) 

5 

u»4 a , 4 b Ki)mmmnm*m-rttL#>(D yj-yv 

2 5 a, 2 5 b, 2 5cligfi, 2 6 f±A/D?£ 
&£S^ A*J UBS t D / A^&3P£ Sr^tf UJ* 
t^^a^^tT^CPU^fj^SftiJWlHlSS, 2 7W:* 

[0019] afittftfte, g«&&M&&$i: 

*6, Stt25b, 2 5 c iDftS^y yi?l@I*©*HP 
F, G©«JBEjWW»I§II&2 6KA*J**U &9M&&#4 
a, 4 blZ.£y®m£iltcmmt&#ift5<DWm (Th) 

^s^ffiS(-^-rs^«ii«a!iia«^6<Dta« (t 10 

a) «fc9a>5— 5£ffi (0lJ;tfiATh = 1 5 0<C) £5<fc 

mm&2 6©a^(c<t 9 h?^? 2 4*s^-^u5s*i 

«tt#4 a, 4b ttMMI&Easflttu KJfefflae J: »9 AS < 

tc— ^ft-SJ: 5$!M£;ft-5o r©i#©3§$iigtn;f*:4 

a , 4 b iz-ffi-rtimmmm. m#c 25a ©m#E km 

ltd #£«UMk (Q) 
[0020] ffi*««©*|taH:, SSHMStMM a , 20 

4 b©fflg*J:0i|ftfcH-r5. «rCbfcJ:5fc«a«tt«: 

5 fife 5— J£<0&mm.& (Th = Ta + 4Th) 

$nrv^^o a, 4b i±ii:jijggK$*T,T*5 

JKiffi©4fr&K:ri, _t»Etf!l©SH»»#t#4 a a*J: 9^«E 

«*#a»«©»£-fc:H:» ^Stta»fc»*HS8MM b©I 
£*MS< 9 , SHK&SMM a , 4 b ©t&* 

mum zttm-rz^kizxr), &MM<t>jffo#&ia 

-c#3„ 30 

[002 1] Si 5 0>ISB&-m, 5ll^«Si:#:4 a , 4 b CD 

ss©«tsfc z.K>ftoo ±mw<omfmfc& 4 a ©msjc 

*fJ&-r5©tt|g|5©C, D£H©®f£^-Cfc9> TflM 
<o5HR«tn:fr4 b©m*{c*f-J&-r-5©l3:D, Effl©flH£ 
^-CfcS. tot, SfflBOC, D, £,&©«# £rf&!l»l§] 
BS 2 6 tcA^rTS i t t£<£ 9 

[00 2 2] _hlE© J: 5 ^^fflftiBISa®^ 6 *3 it^ 
«ift«fiiflt5Sria*PLT«lfil1-*ri:fcJ:*)» t£*0!l© 40 

£^M©:*f ft £ «> «*p-r 5 M*£©tt*4fe ttt tf* Wig i ft 

[00 2 3] We *sa6fiaj<oj»^5c«Efi-t v-^ai^- 
©§!!^i8©jMfc$Jfc:o^-c, 0 6Sr#flabrittMt- 

[0 0 2 4] 06 (a) JCT, i/jj ayij £ i(*:®K2© 
±Tffilzmtb(ktl!Mlz£r>-mt'!r'f$l (S i 0 2 ) E 
13, 1 4&ffi0. 3 5 ^ p ^ff {C^-f-Sc 50 
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[0 0 2 5] (b) KIT, ±ffi©-BMIS^'r*Jil 

3 £<£&©*: h- y y^5 7^SWJ-J:9 v-^* b&ffife 
©HM* Cl&jft I fc«£*tt>f * ©# 

j:9 3is/^-vrbfcm, —mktr'fmmi 3&-<?x? t 

UT-> y 3 f^ttgffi 2 <7?^®{c^ 5 5 ^ o ^©gH£ 
ifeP 0») *>&VH±B (#nv) «©7lN<Mfr!IM£1fca> 

/13, 3 a 

[0 0 2 6] (c) m 1^^*113, 14* 

3t«2©±Tfflfc-»fb'Jr-f 9 45tt4UttHKl 

2 a, 15£r#*j0.5 5 ^ o ^ff^^-f-So is 

y n ^^tfrs«2 <o±mmm^tc.m%mmm 1 2 a t 

flc««2 AO^r^tV^-fk^-f* (Si,Nj SrfflVN 
T t> , tf V^ttfMBaflHRa^ y =« 2 © 1 / 

«^©^ 5 '^v^*iaofc^ti-srt^j:9. as 
awbK i * v y =• 2 i m^mmm 1 2 a m 

©«US**te«-C#3i«lHl-h*Blfe*tSo 

[0 0 2 7] (d) Ttt. «^Ciffii&^l 2a±tz3MI& 
Sfr4a, 4 b tSytaSfei#:5, 6tLt«SWS 

(S i) ¥WHnK$r*)l 5 ^ ^<r>W-Z~QC VD§© 

^*p©* h y y^77^Siici 9 

■Cs *i»a^W* (Si) ¥l»f44nKM:. /7^SrI 
V^cLPCVDfc5V M*S^-y--f ^ a h a V*n.| Srffi V ■> 
fcECR-PCVD, -v^'^a&^|r^V^fcCVD^©^■ 

y(PH,), (H*) : S^fflv^, ^*fi«j K— ^ 
LT©#KP)©:£fct**:7^ ^(PH,)^^©JKS 
{CJ;9©JW^^. ^#MWMEitTI43xiO" (c 

7 p «! ! a{4±i2W^-©^)£r-t.'srt6-t?fc 9 , 
©#i»fft^-r* (si) ^mimatmatvft». nm 

[0 0 2 8] (e) ^jg*i^4a, 4 b© 

«W«^3X 1 0 19 (cm"') fiUifci««>*fc«>Kl3E 

k— T/a&a&an*.*. ^ffi*i^4 a , 4b« 

6(-J;9«Ea$^fcm. 5§^ffitt#:4a, 4b{C*fbT 
f^itiifo S v Mi-T * VJT *,iA^©^& J; 9 JE P 
(») ^©^*fi^i K-^a^ft $^M4bSffi«r 3 x 
1 o ,9 (cm- s m_t©i*$£fft;i k— 7 , «ya*Hfc««ttl0t 

*4a, 4 b/65#e>tvS„ ^r©^, ig^L-CV^VVWS 
10(10a, 10b, 10c, 10d, 10 



(5) 

7 

e, lof, i o g), 4t-tsm»tm^nmi o&mm. 

i--5fc«)(DiB^i^Si5 9 (9a, 9b, 9c, 9d, 9 
e, 9f, 9g) T^^-^M,, ■tem-VMlSZtl 

[0029] ( f ) -m. tift^-mm i o 
m-t^zm^mmm 12b *9c<Dm$\i&im; 12 at 
mw^mo. 5 ^n^ijiiwts. vy 

2 tc£^ 8 syf^ 
©-^x^l 5©jfr3£©^{::^— -^b^zgttS 
&.2<D^?^>'?'&<0&&mm£l£Z>. -e^^fi: Lt 10 

[0 0 3 0] (g) file, ^^y*l#S<S 

2 co«® <t 5 -mt^r^ m to z> v mmt^j * 

?W1 6 kl,X^ *^ft#y (KOH) y 

^?m*m^rg i *i!k*.y<?-i'y-rz > - tizzy &M8 

Wfin< ft 3 tX5,fy^M^K*5r t^k, ^ 
*fi!& K— T'fea^^fc K— T'S 3 *5 JzTJ^JB 8 _h»®$t 20 
Sftg^l 7 £3^»3aiT3fr«>K+^©^©3a#gB 3 
a, 3 bSrabr^8^S«©ixy 3V^^»«2fc 

+^»©*!K©X«rtBJ 3a, 3bll mtMfo 5 ~ 3 0 5 
^ a 2 ~ 5 ^ * n y?S, 19 $l«5£S#+# 

[003 1] ±C3»IM*0>^F*M&W:P OH) t Lfc#, 
^U<nf0^iiJ:LTIiN (^S) , Sb (T>^ 
, As (t^) &>2>W*v>M<D*Fmyob LTfciA 
1 (T/V5 — ?A) , B (tf'nv) ^^fflV^Tt»AV\ 30 

[0 0 3 2] ±U<Z>mKmf$,LtcZ. b izX\). &mt&#i 
*4a, 4 b &£X*mm.t&inft 5 flSTgfifc Sftfc:^ 8 _h 

(ommmwrn 7 «, 2 1 <z>*M6ik*H 9 j.o 

R = R0 (1+a (T + T0)) 

RttfiS (T) Kiastta^SMMSoJSfiMfc R 

0J*S* (TO) fc:|8»*S¥J»fl*©«fitBI, afcttSfit 

ffl£«jft"c*>6. ffi0taaffift (a) #*£vms?#® 
J^#LT©iSfitflM>SEfl:a**#< tftsr S!) 

IfiRft5, 6 b LT«ffietia*#m (a) #*#WS 40 

fcd»e>M**tSo ffl!imffiSi<*:5, 6iLm E18t?^ 
$fr3^«3 0©}£fit?fia:#$: (a) #1 0 0 0 (XI 
O-'/t) K_hT\ H7-r?Jl*ttf3Fi|««MMESr3 x 1 0 
19 (cm' 5 ) £IT©3 OWWftWWISiT.S. 

[0 0 3 7] Mtt*4a, 4btLtll 1 

COfffi&fttt: 5 , 6 i C^ttfbX&tttt 3 0 jS 

fit* (o) mm<omA mm 2 

0 0t) Ii«tt#4a, 4bSrl«iLJ:51:t5 

t . fSfKHSfitfM a , 4 b (Dfflmm**:^ < ft 9 iS5V<>Sf 50 
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asnfc+^oRtto^awsa a , 3 b iz z. v 
m®.2b -mt £ ixfc r. iz. i 9 x JBfft^ftsttlHijRkfe 

[0033] %f»ffifii#:4 a , 4 b AtfMflU&fit 

#5, 6«rH-^^3*Lfc#*£fc*'f* (Si) 
^M-C«A£b, »^4a, 4bCWW«& 

3X10" (cm" 3 ) &.±b U aaiESiitajgfitft: 

5, 6<o?pimmmx*)^<mat\.it^i:^x*>. & 
mim.w 4a, 4 b (Dt&tftm ( p ) 

itfcjr. mmt&ffift5, 6©«fitm«fllg:(a)£tf:R 
«j;*#<«o;:i:;»stfj*, «»««©lRl±a*Bie>*t<&. 
3E{^, _hBE©3S!ftJgfitfl£4 a, 4b £ fflili&ffifitft: 5 , 6 
#*^#fi«»*fe*jt.fc#Jtt«^>f* (Si) ^ 
#:*M-C«J5K bfe Z.t\zX<0. Sffi^i S^W^KcSUfi 

ffiftata* -5,, 

[00 3 4] H7B, #IS**--f* (Si) ¥«#«M 
©«W ( P ) fc'FittlfcaftoBBfli^bfct©-?* 
So */t, EB8I*, *Jttft*->f* (S i) H^lfMVOlO 
SfiHMEffift («) tSfit* (p) ©Ba#tr^bfct>© 
-efc*. 17, BS8tJit^>5J:5fc, 'Ftt**** 
W<*Sfc«v^JBft^* (S i) ^»^*M<Dffifit 
* (p) *s£Z*1£.#tim&m (a) &t>tt'h£<ftS. 

[0035] #jgf B ^-r* (si) ¥mtmti—im^ 
«fit-ta«#tt (i) ^St*1-„ 

[0 0 3 6] 

•■• (1) 

t&KBEaSi&gi ft ►) -HJ'^JnJiaWJfeftV^ 5 B3H*s^ 
f6. ^®fii#:4a, 4 b ©efitffl^rTJf Sfc«)(- 
tt. (S i) ¥^fl^©J@IJ5SrJS<-r5*f 

6#HS»^-f* (Si) ^{ME0>ttJ*ttJ|& 1 5 ^ o ^ 

* 5 RS# t?fc 9 . - <om £ t? 1 0 h WTco®!»J«£ET- 
W»ttl*33BfSMgfi!:fl£4 a , 4 b (Dfefittttt 1 k Q«T 
-C*> »3 » m7 2 9 -C^ VttmV>>i&lg.& 3X10 

" (cm s ) W±t?ffifit* (p) #3 0 (XI 0" 4 ft-c 
m) eiT©««^aBRS*tS. 

[0 0 3 8] r ©^lc x ^|Rjgfiii*:4 a , 4 b ©^M% 
jg«S:3 x 10" (cm" 3 ) «ltL, lo, Str|E?l!imig 
fit* 5, 6©^iW*iaiiej:9*:*<«lfiabfcifcK:J: 



9 

t), ISft&ffitiirtM a, 4b©fift$ (p) fcJfc|fcW/.hS 
S!)Mffi^5, 6©£*a?mA#$:(a) 

<fto: tasto*. flgajft£©ft-ha*Be> 

[00 3 9] Jfc3£!!£0!l©38SSft|g#ifl£ 4a, 4 b ©JS0t#: 
ttm «»«£j3J:C59HIKS«>Hfii«^5 0-9 0 

0 Q , mm&fiifc 5 , 6 <»Wcnffi.b LtB 1 ~ 5 k Q £ 

[0 0 4 0] &&W(Dm—, ^H(D3IJ6^J^oV^ 10 

EI9*5,fctfEll Ote. #3MB©J&^i8J:tJ« 

m7 z^nffim^z&{cTmm)$.£frti¥mft&&.2 

^mtcmk<DXmU3 b, 3 c, 3d, 3e, 3 f 

[0041] 111 9 -m, ei i ©®— <D%mm<o-\-^m<o 

mkV>3&fn 3a, 3 b K^;b <0 , 3!j$g|5 3c, 3d, 
3e, 3 f SrJlfflgB «^f'L«^ot^>f4 20 

1 o -era, ei i ©m— (omtum t®9 ©sg~ ©sufrw© 

3 b tJl)agp^e>f^l-rpl5S^a53 c, 3el:J:!)S 

mm-rz zb^xv. »—©**« t *-©*««©* 

K7 *3£«MtMi-6SI6*t©3aWBi: Lttt, <fc 9 #*© 
5 fc:«v ^JMBJKBW^/h 3 < * * J: 5 fc»J* U T t> . 

[0042] ei i i rau *^^co^Egro3i}i^j-t?$)-5i^ 
^ftfci-fcvif©*^ l©¥ffiHT?*>$. HI 1 ©Sg- 
©3teKS« b Aft Z> ©tt, ^Sfetff 4 © _hT»-8!l?m|g 
R*5a, 5b^Lferi-e*5. r©8Mc 40 
State 4 ©_kT«Efc«!liMI#M*: 5a, 5 b SrES U _h 

T«osmat* 5a, 5 b <om&mti»h&ts.mm&vr 

3 xlO 19 (cm 3 ) £t_hiU J.o, iBIM® 

tt»5a, 5 b©^f*fiifej§sj:t)^#< u mizmmm 

7 Sr*«©Xi*<B 3 a , 3 b £ <fc 5 3d$*§3SH-£ t 

a-fe^Sria^^ s-e*«-etSo -twifiva^s^s*; 
waffi^-e^jstufcB^^a-fe^iJ-^^fbTW so 
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[0 0 4 3] 

[«m©^j*] #*wte.fc*uix ^^aMK-kicttftifi 

&*>Cm (Si) U ttffiSHIM&$Ltt 

(D^mVoMSt* 3 X 10" (cm"') £Lhi U -B-O, ffi 

eiwa«ft:«c©5r:*Biwiftj:9*t<u hi-> «he¥ 

fc*«©^«H»fc J: 9 bfc b K£ o , Sfta 

[Ell] *«W©j|J-©30ai«©J»*ffl*«««-fe^f-* 

1 ©5pffiSr^-rEl-t?*>4c 
[El 2] E!1©^©A-A' ^rffiSr^l-EI-Cfc.5., 
[El 3] EH©^SrH^Lfcf^S;^^a-feVlJ-©»f 

ffi§r^i-Elt?*>S. 
[El 4] HSWjfflS^SSSrSfc^cUfcEI-efcSo 
[0 5] 1&tn.fc4 a, 4 b, 5, 6 t^gBle]K2 0 ©m 

SU@]|&£:*i-E|-e;fc>5o 

[ei 6] sf^-ioaetxafeittwi-sBi-cabs. 

[El 7] #tt&^*¥*ttftlK©£IA:* (p) t^*e 
%iSft©iS^Sr^-rE|-efc S„ 
[El 8] ^MfA^Slf (Si) ^^»^©ffifeiSA« 

«: (a) tmytm (p) ©K#sr^-rEiT?fcSo 

[El 9] 3MSW©«f-©3te»«-C, ^pg8±©tt«UNUk 

17* f ^ b fesaa^sMa-tr ^tifi ©^fs s-^ 

[Ell 0] *BK©35H©Sliif!J-e, ^8Ji©K$C«5 
W7t LfcJKBSfflft*** 1 ©¥ffi^ 

^-TEl-CfcSo 

[El 1 1 ] *5l|q©^Eg©3IJSMt?fc5)^S^Cii£a-fer 
^•9-*^ 1 ©^PBSr^-TEI-efcS. 

[El 1 2 ] fe^oM^&ifcfrt: ^f-^^f- 1 ©WB^ 

[W*©RM1 

l-*^. 2-^frS«, 3, 3a, 3b, 3c, 3 
d, 3e, 3 f - h'~--7m . 4, 4 a, 4 b 

-&m&&Lfc* 5, 5 a, 5 b- ■■mmm.fn.it, 6,6 a, 

6 b-^tasjume^x 7, 12a, 12b, 1 
3, 14, 1 5--m^.mmm. 8-^0. 9, 9a, 9 

b, 9c, 9d, 9e, 9f, 9 g ■ 1 
0, 10a, 10b, 10c, lOd, lOe, 10 

f, log, 2 h-&$sm. i6-v 

^^W. 17-®^ilSS, 18-giJilS&, 19-Jj$ 
2 0-^SB1hIIS, 2 2 -m 2 3-m 2 4- 
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F7V^^, 2 5 a, 2 5 b, 2 5c-«. 2 6-* * ^JWIhISS. 27-^^y o 
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